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Comparative DNA Analysis of Solid Tumors 
by Flow Cytometric and Image Analyses of 
Touch Imprints and Flow Cell Suspensions 
TARIK M. ELSHEIKH, M.D., JAN F. SILVERMAN, M.D., 
JANET W. McCOOL, B.A., SCT(ASCP), AND ROGER S. RILEY, M.D., PH.D. 
Comparative DNA analysis by flow cytometric (FCM) and image 
analyses (IA) has shown a high concordance rate. When present, 
discordance has been attributed to the presence of aneuploid cell 
populations detected only by IA, yet missed by FCM. This phe-
nomenon has been explained by loss of aneuploid cells during 
FCM cell processing, differences in sampling area, or misinter-
pretation of the DNA histograms. To determine which factors 
are responsible for the discordance between IA and FCM, 82 
fresh solid tumors from various sites were examined. Flow cy-
tometric analysis was performed on cell suspensions isolated 
from the tumors, whereas IA was performed on touch imprints 
(IAT) and on cytosmears of the same cell suspension used for 
FCM (IAF). Comparison between IAT and IAF (IAT/IAF) as-
sessed cell processing and sampling area differences, whereas 
IAF/FCM comparison assessed differences in apparatus and 
methodology as possible contributing factors to discordance. 
Furthermore, DNA histograms of IAT, IAF, and FCM were 
analyzed in the discordant cases to determine whether the discor-
Quantitative DNA analysis has a primarily prognostic 
significance in examination of solid tumors.1"7 Flow cy-
tometric analysis (FCM) has been the standard method 
used to evaluate such tumors. More recently, image anal-
ysis (IA) has also been used to evaluate the DNA content 
of neoplasms. Comparative studies using FCM and IA 
showed high concordance rates ranging from 76% to 91% 
and accordingly low discordance rates.8"'4 Most of the 
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dance was due primarily to different cell populations detected 
(true discordance) or due to differences in histogram interpre-
tation of the same cell populations (false discordance). IAT/IAF 
and IAF/FCM concordance rates (90% and 88%) were not sig-
nificantly different from that of IAT/FCM (87%). False discor-
dance accounted for most of the discordant cases in IAT/FCM 
comparison (six cases, 67%), whereas true discordance was seen 
in three cases. In all three truly discordant cases, the DNA-
aneuploid cell populations detected only by IAT yet missed by 
FCM were also detected by IAF. This study demonstrates that 
discordance between IA and FCM is probably not due to cell 
loss during FCM cell processing or sampling area differences, 
but may be due to differences in assessing DNA ploidy in the 
interpretation of IA histograms and/or dilution of aneuploid cells 
by normal diploid cells in FCM. (Key words: DNA analysis; 
Flow cytometry; Image cytometry; Discordance) Am J Clin Pa-
thol 1992; 98:296-304 
discordant cases showed DNA-aneuploid cell populations 
detected only by IA and missed by FCM.121315 Several 
factors explaining this missed aneuploidy have been pro-
posed by a few investigators,8101216"'9 but no study has 
objectively demonstrated any one factor to be indepen-
dently responsible for discordance between IA and FCM. 
Some of these possible factors include loss of aneuploid 
cell populations during FCM cell processing, sampling 
area differences between IA touch imprints and FCM cell 
suspensions,8'216 dilutional effect in FCM by inflam-
matory cells and benign stromal and/or epithelial 
cells,1017'8 and differences in interpretation of DNA his-
tograms.8 '2 1 6 '9 
To determine which factors are responsible for the dis-
cordance between IA and FCM, we performed FCM on 
cell suspensions isolated from solid tumors and performed 
IA on touch imprints of the tumors (IAT) and on cytos-
mears prepared from the same cell suspension used for 
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FCM, IAT, and IAF and assessed the effects of various 
factors, such as differences in sampling area and meth-
odology, on concordance rates. Furthermore, we exam-
ined the discordant cases to determine whether discor-
dance was due predominantly to different aneuploid cell 
populations detected by IA and FCM, or due to differences 
in interpretation of the histograms. 
MATERIALS AND METHODS 
Eighty-four specimens of 82 tumors from various sites 
were examined prospectively (Table 1). Fresh touch im-
prints of tumors were prepared for image analysis (IAT). 
The same piece of tissue used to prepare the touch imprint 
was disaggregated to prepare a cell suspension for FCM. 
In addition, cytosmear preparations of the FCM cell sus-
pension, before propidium iodide staining, were prepared 
for image analysis (IAF). 
Flow Cytometric Analysis j 
Single cell suspensions were prepared for FCM by me-
chanical disaggregation of the fresh tumor sample followed 
by filtration through a piece of fine nylon mesh (45-fim 
pore size) and centrifugation to remove debris and cell 
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clumps.20 Cells were prepared for FCM DNA analysis by 
a modification of the method of Krishan,21 using propi-
dium iodide as a DNA-specific fluorochrome. Flow cy-
tometric analysis was performed on an EPICS C flow cy-
tometer (Coulter Corp., Hialeah, FL) optimized for linear 
red fluorescence signal detection with the use of fluoro-
chrome-labeled microspheres (DNA Check Beads, Coulter 
Corp.), chicken red blood cells, and cryopreserved normal 
human lymphocytes. Nonlinear events were excluded 
from flow cytometric DNA analysis by gating on a his-
togram of the linear red fluorescence signal versus forward 
angle light scatter. Chicken red blood cells were used as 
a DNA internal standard during specimen analysis, 
whereas cryopreserved, thawed human lymphocytes were 
used as reference cells. Standard and reference cells were 
admixed with the test sample before staining, and this 
specimen was tested in parallel with the test cell suspension 
alone. Data analysis was performed with a commercial 
DNA analysis software program (Cytologies, Coulter 
Corp.) using an S-fit method for cell-cycle kinetic analysis. 
A minimum of 5,000 cells (range, 5,000 to 30,000 cells; 
mean, 20,000) were analyzed for each case. Cytosmear 
preparations of the FCM cell suspension were examined 
microscopically and correlated with the hematoxylin-and-
eosin-stained tissue sections of the corresponding surgical 
pathology specimen. 
Image Analysis 
Air-dried fresh touch imprints of tumor tissue and cy-
tosmear preparations from FCM cell suspension prepared 
for IA were fixed in 10% buffered formalin for 30 minutes, 
rinsed for 5 minutes in deionized water, and allowed to 
air dry briefly. The slides were then treated for 60 minutes 
in 5N hydrochloric acid to hydrolyze the nuclear DNA.22 
The slides were stained for 1 hour with Azure A Feulgen 
(CAS DNA staining kit, Cell Analysis Systems [CAS], Inc., 
Elmhurst IL), rinsed, dehydrated with three 3-minute 
changes of absolute ethanol, cleared in xylene, and 
mounted with coverslips. Analysis was performed using 
the CAS model 200 image analysis system, implementing 
the fully integrated system of calibration slides, and quan-
tititative DNA analysis software module.23 Only cells 
identified as tumor cells or epithelial cells were selected 
for analysis. A minimum of 60 cells were analyzed in 
each case (range, 60 to 249 cells; mean, 171 cells). 
INTERPRETATION OF HISTOGRAMS 
All histograms were interpreted independently and 
matched with their perspective cases after the data were 
tabulated. Histograms were interpreted as DNA-diploid 
or DNA-aneuploid (nondiploid), and DNA ploidy was 
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represents the ratio of the mean channel number of the 
specimen's GO/Gl peak to the mean channel number of 
the control GO/Gl peak. Tumors were interpreted as 
DNA-diploid if there was a single GO/Gl peak containing 
90% or more of the cells and had a DI in the range of 
0.95 to 1.05. Tumors were interpreted as DNA-aneuploid 
if the DI was outside the diploid range, more than one 
peak were present, or more than 10% of the cells were 
present in the G2/M phase24 without an appreciable S-
phase activity. The DNA histogram was considered non-
diagnostic when the cytosmear preparation did not con-
tain tumor cells, when large amounts of necrotic debris 
and/or inflammatory cells were present on the cytosmear 
preparation, or when the coefficient of variation (CV) of 
the diploid peak exceeded 7%. 
In IA, tumors were interpreted as DNA-diploid if the 
DI of a single GO/Gl peak fell within the diploid range 
of 0.88 to 1.12. The measured DI was computed by di-
viding the modal mass value of the test cells by the known 
DNA content value of the control cells in picograms (7.18 
pg).25 Tumors were interpreted as aneuploid if the DI fell 
outside the diploid range, more than 20% of the cells were 
present in the G2/M phase, or more than 25% of the cells 
fell beyond the main diploid peak. The CV of the diploid 
or main aneuploid peak was measured in each case. 
DNA histograms of the discordant cases in IAT/FCM 
comparison were analyzed further to determine whether 
discordance was true or false. In "true discordance," the 
discordance was due to the detection of distinctly different 
cell populations that showed significant variability in DI 
and number of cells comprising the G0/G1 peak, by IAT 
and FCM. In "false discordance," the same cell popula-
tions were detected on FCM and IAT histograms but were 
interpreted differently. Papanicolaou- and Wright-
Giemsa-stained touch imprints and flow cell suspension 
smears of the tumor sample were microscopically ex-
amined in all discordant cases. 
RESULTS 
Eighty-four specimens were analyzed. IAT, IAF, and 
FCM results were available for most cases. Interpretations 
from IA histograms of less than 60 cells or FCM of non-
diagnostic material were eliminated from the study. Re-
sults of DNA analysis of tumors examined are summa-
rized in Table 2. 
Comparative DNA analyses using IAT/FCM, IAF/ 
FCM, and IAT/IAF were performed. Concordance was 
described as cases in agreement regarding their ploidy sta-
tus, that is concordant diploid or concordant aneuploid. 
IAT/FCM comparison showed an 87% concordance rate. 
Sixteen cases were concordant diploid and 44 cases were 
concordant aneuploid (Fig. 1). Correlation between con-
cordance rates of IAT/FCM, IAF/FCM, and IAT/IAF 
showed no significant difference ( P > 0.05, computed via 
chi-square test). There were nine discordant cases (13%), 
six cases showed DNA-aneuploidy only by IAT, and three 
cases showed DNA-aneuploidy detected only by FCM. 
False discordance accounted for 67% (six cases) of the 
discordant cases in IAT/FCM, and true discordance was 
seen in three cases. Table 4 summarizes the results of the 
comparative DNA analysis performed on all tumors and 
Table 5 shows in detail the nine discordant cases. 
DISCUSSION 
Flow cytometric and image analyses are two different 
techniques used in quantitative DNA analysis of solid 
tumors. Flow cytometric analysis measures fluorescence 
emission of a DNA-bound dye, propidium iodide, excited 
by a light beam. It is usually performed on a single cell 
suspension prepared by mechanical or enzymatic disag-
gregation of a tumor sample, followed by filtration through 
nylon mesh and centrifugation to remove cell clumps and 
debris.20 Flow cytometric analysis has the advantage of 
measuring large numbers of cells (5,000 to 50,000 cells), 
and thus the results generally are statistically signifi-
cant.1726 Image analysis uses a video-based interactive cy-
tometer that measures the sum of the optical density of 
Feulgen-stained nuclei to calculate the quantity of DNA.23 
Image analysis can be performed on fresh touch imprints, 
fine-needle aspiration specimens, paraffin-embedded sec-
tions, or cytospin preparations. Image analysis has the 
advantage of visual inspection of the cells examined, 
therefore eliminating inflammatory and benign stromal 







































CV = coefficient of variation, calculated for diploid or main aneuploid peak; K = 1,000 (figures 
given in thousands); IAT = image analysis performed on touch imprints; IAF = image analysis 
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FIGS. 1A-C. An adenocarcinoma of the colon showing 
concordant aneuploidy in all three comparisons: IAT/ 
FCM. IAT/IAF, and IAF/FCM. A.B.C. DNA histograms 
of IAT (image analysis of touch imprints), IAF (image 
analysis of flow cell suspension cytosmears), and FCM 
(flow cytometric analysis) showing predominant DNA-
aneuploid cell populations having DIs of 1.63, 1.84, 1.72, 
respectively. 
however, have lower resolution and higher CV compared 
to FCM, as a result of the smaller number of cells analyzed 
(50 to 250 cells).92628 
Comparative quantitative DNA analysis studies using 
FCM and IA have been performed by other investigators 
on fresh or paraffin-embedded tissue,810-141617-26-28-34 fine-
needle aspirations, or body fluids.1518-27 These studies 
showed high rates of concordance ranging from 76% to 
91%, thus yielding discordance rates ranging from 24% 
to 9%. The discordance in most of the studies was due to 
aneuploid cell populations detected only by IA and missed 
by FCM.121315 A few investigators have reported DNA-
aneuploidy detected only by FCM.9-29 Explanations for 
missed DNA-aneuploidy by FCM include (1) that aneu-
ploid cells are more fragile and are lost during the filtration 
and separation steps in preparation of FCM cell 
suspension81216; (2) that a dilutional effect by inflam-
matory cells, stromal cells, and diploid epithelial cells 
makes it difficult to detect small aneuploid popula-
tions101718; (3) that the enlarged atypical nuclei of neo-
plastic cells are well visualized and can be separated and 
analyzed by IA16; (4) the misinterpretation of FCM his-
tograms due to inability to distinguish DNA-aneuploid 
cell populations in the tetraploid region from diploid cells 
present in the G2/M phase.81216 Possible explanations 
for missed DNA-aneuploid cell populations by IA, yet 
detected by FCM are (1) sampling error due to the smaller 
sampling area of touch imprints12 or (2) lower resolution 
and higher CV of IA histograms makes it difficult to dis-
tinguish near-diploid DNA-aneuploid cell populations 
from those that are diploid.819 
The aim of our study was to determine objectively 
which factors are independently responsible for the dis-
cordance between FCM and IA. We performed a three-
way comparison between FCM, IA performed on tumor 






/ajcp/article/98/3/296/1852321 by East C
arolina U
niversity user on 09 April 2021
300 ANATOMIC PATHOLOGY 
preparations of the same cell suspension used for FCM 
(IAF). We then assessed the effects of the various factors 
on concordance rates. In the first comparison, where we 
compared FCM to IAT (IAT/FCM), the apparatus and 
methodology used were different (flow cytometer versus 
image analyzer) and the cell population examined was 
different (flow cell suspension versus touch imprints) (Ta-
ble 3). The differences in cell population is due to sampling 
area differences and possible loss of aneuploid cells during 
FCM cell suspension preparation (Table 3). When com-
paring IAT with IAF (IAT/IAF), the apparatus and meth-
odology were constant (image analyzer used in both in-
stances), but the cell population was different (flow cell 
suspension versus touch imprints). Therefore, if there is 
discordance between IAT and IAF, it is probably not due 
to a difference in apparatus and methodology, but rather 
is more likely due to differences in cell population. In 
comparisons of IAF and FCM (IAF/FCM), the same cell 
populations were examined because we analyzed the same 
cell suspensions. Therefore, if there is any disagreement 
between IAF and FCM, it is most probably due to the 
difference in apparatus and methodology (flow cytometer 
versus image analyzer). If differences in cell populations 
and apparatus and methodology were truly significant 
contributing factors to discordance, then IAT/IAF and 
IAF/FCM comparisons should have shown higher con-
cordance rates (where we controlled for one variable and 
examined the other) than IAT/FCM comparison (where 
both variables were contributing to discordance). Our re-
sults showed that IAT/FCM comparison had an 87% 
concordance rate (60 of 69 tumors), which is similar to 
previously reported series (Fig. 1). IAF/FCM and IAT/ 
IAF comparisons showed concordance rates of 88% and 
90%, which are not significantly different from that of 
IAT/FCM (Table 4). This suggests that differences in ap-
paratus and methodology and differences in sampling area 
TABLE 3. COMPARISONS AND VARIABLES (FACTORS) 
AFFECTING CONCORDANCE 
Apparatus and 
Comparisons Methodology Cell Population 
IAT Image analyzer Touch imprints 
FCM Flow cytometer Flow cell suspension 
IAT Image analyzer Touch imprints 
IAF Image analyzer Flow cell suspension 
IAF Image analyzer Flow cell suspension 
FCM Flow cytometer Flow cell suspension 
In lAT/FCM comparison there are differences in apparatus and methodology as well as in cell 
population: therefore, both variables are contributing to discordance. In the other comparisons, 
we controlled for one variable (apparatus and methodology in lAT/IAF and cell population in 
lAF/FCM) and assessed the other. 
See Table 2 for definitions of acronyms. 
A.J.C.P. • 
Article 
TABLE 4. SUMMARY OF COMPARATIVE 

























IAF/FCM. lAT/IAF. and IAF/FCM: Comparisons of IAT vs. FCM. IAT vs. IAF, and IAF vs. 
FCM show no significant difference in concordance rates. False discordance accounted for most 
of the discordant cases. 
See Table 2 for definitions of acronyms. 
or FCM cell processing are not significant contributing 
factors to discordance between IA and FCM. 
DNA histograms of the discordant cases in the IAT/ 
FCM comparison were analyzed further to determine 
whether discordance was true or false. By our definition, 
in true discordance, distinctly different cell populations 
showing significant variation in DI, number of cells in 
G0/G1 peak, and number of peaks were detected by IA 
and FCM. In false discordance, however, the same cell 
populations were detected on FCM and IA histograms 
but were interpreted differently. An example of false dis-
cordance between IAT and FCM is illustrated in Figure 
2 (discordant case 3, Table 5), for which both histograms 
showed similar G0/G1 peaks located in the peridiploid 
region, but were interpreted differently as DNA-aneuploid 
in IAT (DI = 1.16) and DNA-diploid in FCM (DI = 0.97). 
The IAF histogram in this case showed a cell population 
with features similar to those seen on IAT and FCM (single 
G0/G1 peak containing more than 90% of cells in peri-
diploid region, DI = 1.11), confirming that these are the 
same cell populations detected. 
In this study, tumors were interpreted as DNA-diploid 
if they showed a single G0/G1 peak located in the diploid 
range (DI of 0.95 to 1.05 in FCM and DI of 0.88 to 1.12 
in IA). Tumors showing one or more peaks outside the 
diploid range were interpreted as DNA-aneuploid. There 
is wide variability in the literature regarding the criteria 
used for interpretation of FCM and IA histograms.25,35,36 
In FCM, many authors define DNA-diploidy as a single 
G0/G1 peak, regardless of DI.35,37 This is used especially 
in the examination of formalin-fixed, paraffin-embedded 
samples in which there is a lack of a suitable standard to 
be added to the tumor sample, and poor quality histo-
grams occur due to excessive nuclear fragments and wide 
CVs.36,38 In fresh specimens, however, normal human pe-
ripheral blood lymphocytes serving as an internal standard 
are added to the tumor sample before staining with the 
fluorochrome, and high-resolution DNA histograms are 
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FIGS. 2A-C. An example of false discordance between IAT and 
FCM in an invasive papillary carcinoma of the breast. A,B.C. 
IAT, IAF, and FCM DNA histograms showing similar predom-
inant cell populations with single GO/G| peaks in the peridiploid 
region, containing more than 90% of the cells and having DIs of 
1.16, 1.11, and 0.97, respectively. These histograms, however, 
were interpreted differently as aneuploid, diploid, and diploid. 
cated histograms that are difficult to interpret39; therefore, 
assessment relies heavily on the subjective judgment of 
individual investigators.40 
False discordance in our study was seen in six cases 
(Table 4). Three cases showed DNA-aneuploidy only by 
IA, whereas the other three cases showed DNA-aneuploidy 
detected only by FCM (Table 5). All DNA-aneuploid cell 
populations detected by IAT in this group consisted of 
single G0/G1 peaks located in the peridiploid region (Fig. 
2). The aneuploid cell populations detected only by FCM 
demonstrated a single peak having a DI of 1.17 in one 
case, and showed distinctly separate DNA-aneuploid (hy-
podiploid) peaks in two other cases (Table 5). Another 
example of false discordance between IAT and FCM is 











































































DI = DNA index of diploid or main aneuploid peak: CV = 
for diploid or main aneuploid peak. 
coefficient of variation, calculated See Table 2 for definitions of acronyms. 
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FIGS. 3A-C. A moderately poorly differentiated adenocarcinoma 
of the ovary showing false discordance between IAT and FCM. A. 
IAT showing a predominant cell population (85% of the total num-
ber of cells) with a DI of 0.91. This histogram was interpreted as 
DNA diploid. B. IAF showing a similar DNA histogram to IAT 
except the DI was 0.77. C. FCM DNA histogram showing a pre-
dominant DNA aneuploid (hypodiploid) cell population with a DI 
of0.8. 
illustrated in Figure 3 (discordant case 6), in which a def-
inite hypodiploid DNA-aneuploid peak (DI = 0.8) com-
prising 81% of the cell population was detected by FCM. 
IAT showed a similar single G0/G1 peak comprising 85% 
of the cell population but was interpreted as DNA-diploid 
because the DI was 0.91. The peaks seen in FCM and 
IAT histograms in this case represented the same cell 
populations, and this was confirmed by the presence of 
an identical G0/G1 peak detected by IAF in addition to 
the presence of similar tumor cells on touch imprints and 
smears of flow cell suspensions prepared from tumor 
samples. The presence of false discordance in most of the 
discordant cases (67%) suggested that differences as well 
as difficulties in the interpretation of IA and FCM his-
tograms may contribute significantly to discordance. 
These differences in interpretation are probably a result 
of the low resolution and high CV of IA histograms, which 
makes it difficult to interpret cell populations residing in 
the peridiploid range. 
Three cases showed true discordance between IAT and 
FCM (Table 4). In all three cases predominant DNA-
aneuploid cell populations (hypertetraploid) were detected 
only by IAT, whereas FCM showed pure DNA-diploid 
populations without increased CV or G2/M phase activity 
(Table 5). Similar observations have been reported pre-
viously.81216,41 An explanation for the failure of FCM to 
detect the DNA hypertetraploid cell populations is that 
hypertetraploid cells are more fragile and therefore more 
readily lost during the preparation of the flow cell sus-
pension. In our study, IA performed on flow cell suspen-
sions (IAF) in all three true discordant cases showed the 
same DNA-aneuploid (hypertetraploid) cell populations 
detected by IAT (Fig. 4). This further supports that loss 
of aneuploid cells during preparation of FCM cell sus-
pension does not contribute significantly to discordance 
between IA and FCM. The missed DNA-aneuploidy by 
FCM in these cases may be a result of dilutional effect by 
inflammatory cells, stromal cells, and diploid epithelial 
cells present in the FCM cell suspension. Microscopic ex-
amination of smears prepared from flow cell suspension 
in one case (discordant case 9, Table 5) showed tumor 
cells with many inflammatory cells in the background, 
but inflammatory cells were not present in the other two 
cases. 
This study indicates that aneuploid cell loss during 
FCM cell processing and differences in sampling area do 
not play a major role in causing discordance between IA 
and FCM. Instead, the discordance is probably due to 
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FlGS. 4A-C. An example of true discordance between 
IAT and FCM in an adenosquamous carcinoma of the 
uterus. A. IAT DNA histogram showing a predominant 
DNA-aneuploid (hypertetraploid) cell population having 
a DI of 2.13 (middle peak) in addition to smaller DNA 
diploid (DI = 1.06) and DNA aneuploid (DI = 4.46) 
peaks. B. IAF DNA histogram showing a DNA diploid 
(DI = 1.11) and a DNA aneuploid (hypertetraploid, DI 
= 2.24) cell populations. C. FCM DNA histogram 
showing only a DNA diploid cell population with a DI 
of 0.93. 
differences in assessing ploidy in the interpretation of his-
tograms and/or dilution of aneuploid cell populations by 
diploid cells present in the FCM cell suspension. Ideally, 
IA and FCM should be used on all specimens to combine 
the higher resolution on the Y axis of DNA histograms 
obtained by IA (higher sensitivity for detection of minor 
DNA-aneuploid cell populations), with FCM's higher 
resolution on the X axis (lower CV and increased number 
of cells analyzed)." However, this may not be practically 
possible in all cases as a result of cost restraints and lack 
of adequate material for both studies. 
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